Haemophilus influenzae is one of the most important bacterial agents of otitis and sinusitis. H. influenzae type b (Hib) is one of the main causes of meningitis, pneumonia, and septicemia in nonvaccinated children under 6 years of age.
Haemophilus influenzae may cause many events, which vary from an asymptomatic infection to a severe invasive disease with high mortality rates. The colonization of the upper respiratory tract by nonidentified strains and encapsulated strains of H. influenzae (serotypes a through f) can be influenced by personal and environmental factors. [1] [2] [3] [4] [5] [6] Upper respiratory tract colonization occurs earlier in children who go to day-care centers than in those who stay home. Consequently, the exposure and risk of these children for acquiring invasive disease is higher for children attending day-care centers. [1] [2] [3] [4] [5] [6] During the past few decades, antibiotic-resistant H. influenzae strains have appeared, and the major resistance mechanism has been production of beta-lactamase. The patterns of antibiotic resistance vary in different parts of the world and have been growing, hampering the therapy for diseases caused by H. influenzae. [7] [8] [9] [10] [11] [12] The increasing prevalence of betalactamase-producing strains is one of the main reasons for the prescription of wide-spectrum antibiotics to treat children with acute respiratory infection; on the other hand, the use of antibiotics is considered one of the main factors associated with the dissemination of antibiotic-resistant strains, because of alterations induced in oropharyngeal bacterial flora. microorganisms through prevalence studies of resistant strains in the oropharynx or nasopharynx of previously healthy children may be an important instrument in establishing a reference guide for acute respiratory infection therapy. 7, [13] [14] [15] [16] [17] [18] In nonvaccinated populations, most invasive diseases caused by H. influenzae are associated with serotype b, particularly among children under 5 who attend day-care centers. [1] [2] [3] [4] [5] [6] The relationship between being a H. influenzae type b (Hib) carrier and the risk of disease has not yet been established, because there is disease dissemination in populations with low colonization rates and absence of disease in populations with high colonization rates by Hib. However, asymptomatic carriers play an important role in microorganism dissemination. Although few subjects colonized by Hib develop the disease, airway colonization by this microorganism is the first step to the development of invasive disease. 1, 3, 18, 19 In developing countries, there have been few studies concerning oropharyngeal colonization in children and the resistance profile of H. influenzae in nonhospitalized children. 6, 20, 24 In Brazil, vaccination against Hib was only introduced at the end of 1999, and until that year, no study of Hib carriers had been published. 23 The choice to perform this study in children who attend day-care centers is due to the higher Hib colonization rates and antibiotic exposure in this population.
The purposes of this study were to identify the prevalence of H. influenzae colonization and the prevalence of strains resistant to antibiotics in the oropharynx of healthy children prior to the onset of the Hib vaccination program in Brazil; to analyze risk factors for the acquisition of antibiotic-resistant strains; to identify the prevalence of asymptomatic Hib carriers; and to verify the main risk factors associated to Hib oropharynx colonization.
SUBJECTS AND METHOD

Study Population
Children under 6 years of age who were attending municipal day-care centers in 1998 in Taubaté (SP, Brazil) were included in the study. The city has approximately 244,000 inhabitants and 31 day-care centers that accept children under 7. Two day-care centers are specifically for children between 6 and 7; the other 29 are distributed, with 1 in each district.
The exclusion criteria were: age above 6, children whose parents or legally responsible guardians did not authorize participation in the study, those who did not attend the day-care center at the collection date or who had not been fasting on the collection occasion.
Method
After the approval of the project by the Ethical Committee of the involved Institutions, the legally responsible person for each child was informed about the study objectives and signed an Informed Consent Form. A standardized questionnaire containing information about the child, sociodemographic characteristics, environmental conditions, previous and current morbidity, and antimicrobial usage was filled out.
The following variables were analyzed: gender, age, race, period of time attending the day-care center, how much time the child spends at the daycare center, number of people who live in the same house, number of siblings who share the same room and who are under 5 years of age, parent's education, and number of smokers in the domicile. There were questions about respiratory symptoms and antimicrobial use on the collection date, within the last 4 weeks, and within the 3 months prior to the collection.
Sample collection and microbiological analysis
Oropharynx sample collection was carried out weekly from July through December 1998 (winter and spring) by only 1 investigator, who also interviewed the parents and filled in the forms.
A sample from each child was collected using a sterile swab that was introduced through the mouth to the oropharynx. Immediately after sample collection, the swab was placed in an adequate transportation media (Amies with charcoal, StarSwab™). The samples received a code number and were sent to the microbiology laboratory within 4 hours after sample collection. The sample was plated in the same day of collection in the following culture media: blood agar (BA), blood agar containing gentamycin (BA-G), and chocolate agar (CHOC). All the media were incubated at 35°C in a 5% CO 2 atmosphere for at least 48 hours. After incubation, plates were analyzed, and microorganisms were isolated and identified through a standard methodology. [25] [26] [27] Haemophilus isolation was done from characteristic colonies growing on chocolate agar. These colonies were identified using X and V growth factor discs (Cefar). [25] [26] [27] Identified H. influenzae colonies were preserved in lamb blood and frozen at -70°C. Subsequently, they were referred to the bacteriological section, where serotyping was performed by conventional slide agglutination method using polyclonal sera against the 6 serotypes (Difco). 27 All samples were tested to detect the production of beta-lactamase (chromogenic-cefinase cephalosporin, nitrocefin, BBL) and susceptibility to some antimicrobials, using disc diffusion methodology in HTM (Haemophilus Test Medium) agar plates. 25, 26 The tested antibiotics were ampicillin, amoxicillin/clavulanic acid, azithromycin, ceftriaxone, cefuroxime, chloramphenicol, and levofloxacine.
Statistical analysis
Data from a standard questionnaire containing information about the child and laboratory results were entered in a computer and analyzed by the statistical program, Epi Info 6.04. Analysis of variables was performed by using the χ 2 or Fisher exact test, whenever appropriate. To compare means, the Student t test was used; a P value < . 05 was considered significant.
Results were expressed in simple frequencies, and the coefficients for Hib colonization risk factors were expressed as odds ratios (OR) with a 95% confidence interval.
RESULTS
Of the total of 1200 children under 6 years of age that attended the 29 day-care centers in Taubaté, 213 did not participate in the study.
Nine hundred eighty-seven children, aged 8 to 71 months (median = 53 mo) participated in the study. Twenty children (2.0%) were under 24 months of age.
The children's main sociodemographic characteristics are listed in Table 1 . Children attending day-care centers in Taubaté are, in general, from low-income families, and more than 65.0% of parents were poorly educated.
The environmental conditions are summarized in Table 2 . The period of time that children had been attending the day-care center ranged from 0 to 48 months (median = 8 months), and the majority of children (68.0%) stayed at the day-care center for 8 hours per day.
The number of people living in the house ranged from 2 to 15 (median = 4), and the number of people sleeping in the same child's room ranged from 0 to 7 (median = 2). Children's exposure to tobacco smoke at home was high (51.5%); 24.3% of the mothers and 39.1% of the fathers were smokers. Both parents of 131 children were smokers (13.2%). No child presented meningitis, epiglottitis, or contact with people presenting those diseases during the previous year.
Two hundred forty-six children (24.9%) presented respiratory symptoms at the collection date. The most common problems were cough or wheezing (14.3%), common cold, influenza, or watery nose (10.0%).
Only 32 children (3.2%) were receiving antibiotics on the day of swab collection; 18.9% (n = 187) had received antibiotics during the previous month, and 30 .1% (n = 297) had received antibiotics during the previous 3 months. The most commonly used antibiotics are listed in Table 3 .
H. influenzae colonization and susceptibility profile to antibiotics
Of the 987 children who were swabbed, 172 (17.4%) had a positive culture for H. influenzae; 91 of these were tested for antimicrobial susceptibility. Five of these tested isolates (5.5%) were beta-lactamase producers (4 were type b). Resistance to other (Table 4) . There was no relationship between microorganism resistance and the analyzed variables. The P value was greater than .05 for gender, age, antibiotics usage, number of siblings, presence of smokers, history of respiratory diseases, and vaccine status.
Hib colonization
From the 172 isolated cultures of H. influenzae, 73 (collected from 7.3% of the test population) were of type b.
Hib colonization ranged from 0.0% to 33.3% in the different day-care centers (Table 5) , and except for the fact that a child attended a particular day-care center, none of the analyzed variables was significantly associated with the risk of Hib colonization (Table 6).
In order to assess whether exposure to larger numbers of children was related to the number of Hib carriers at a particular center, we made crossings between the total number of children in each day-care center (including children older than 6) and the number of Hib carriers under 5; the P value was not significant (OR = 0.69 [95% CI: 0.42-1.16), P = 0.13).
DISCUSSION
Oropharynx colonization by encapsulated strains of H. influenzae is very common and varies between 6.0% and 90.0%, in different populations. 2, 4, 6, 7, 13, 14, 16, 18 In this study, the prevalence of children colonized by H. influenzae was 17%, similar to rates found by other authors. 20, 23, 28 It is possible that some strains may not have survived the transport to the lab; however, the elevated rate of Hib colonization found (7.3%) suggests that this biasing factor did not occur.
Longitudinal studies conducted in healthy children and in children with 20 In the present study, H. influenzae colonization was not associated with the presence of acute respiratory infections.
The profile of microorganism resistance varies from region to region; therefore, it is essential to know the local susceptibility patterns to antibiotics to appropriately guide the best therapeutic option. Most of the studies concerning microorganism resistance are related to strains isolated from body fluids of children with invasive disease, and their data are not always useful for evaluating the microorganism-resistance profile in the community. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] In many countries, the proportion of H. influenzae beta-lactamase-producing strains in children with invasive disease varies between 6.0% and 60.0% and has been increasing yearly.
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In Brazil between 1990 and 1999, from a total of 3204 strains of Haemophilus influenzae isolated from patients with invasive disease (91.0% under 4 years of age), it was noted that 18.1% of strains were resistant to ampicillin, 19.1% to chloramphenicol, and 13.9% to ampicillin and chloramphenicol, a very high prevalence compared to the results of this study. In 1996, 15.0% of the strains were betalactamase producers, increasing to 21.0% in 1999; during the same period, a significant increase in chloramphenicol resistance was not detected (18.8% vs. 19.9%). All strains were sensitive to rifampicin (used for chemoprophylaxis) and cephalosporin. 10 In the present study, we found that only 5.5% of the isolated strains were beta-lactamase producers, results that are very similar to the rates found in healthy children who attended day-care centers in United Kingdom in the 1980s (5.4%) 8 and in Italian children with serous otitis. 16 In other regions of Europe, the United States, and Israel, the prevalence of strains causing serous otitis that are resistant to ampicillin and other antibiotics is much higher. [12] [13] [14] [15] Acute respiratory infections, particularly otitis media, are the main reason for antibiotics usage in children. [12] [13] [14] [15] [16] [17] There are controversies about the value of oropharyngeal cultures for predicting the etiology of acute respiratory infections. Some studies have shown that the positive predictive value is low (50.0% for H. influenzae, 40.0% for S. pneumoniae, and 20.0% for M. catarrhalis) 12 ; however, the negative predictive value is excellent (95%). 12, 14 The low prevalence of betalactamase-producing strains found in the study suggests that in Taubaté, ampicillin should be the antibiotic of choice for the therapy of otitis and sinusitis that is presumably caused by Haemophilus influenzae.
Although the previous use of antibiotics is related to the colonization of respiratory airways by resistant strains, 14, 17 in the present study, previous usage of antibiotics was not associated with an increase in the prevalence of beta-lactamase-producing strains.
In the present study, Hib colonization rate was 7.3%, and in 11 day-care centers was greater than 10.0% (Table  5) .
Of the many factors associated with Hib colonization, young age, contact with people who had invasive diseases caused by Hib, attending day-care centers, and vaccination status have been found to be the most important. Results concerning other risk factors such as gender, number of siblings under 5 years of age, and prior respiratory diseases are controversial. [1] [2] [3] [4] [5] [6] [7] [20] [21] [22] [23] [24] In the Dominican Republic, a higher colonization rate was found among children who had siblings under the age of 5 22 ; in the present study, as in others, 2, 23 there were no significant differences among Hib-colonized children regarding the different analyzed variables.
Although a quarter of the children were presenting respiratory symptoms at the time of the swab collection, this variable was not associated with an increase in Hib colonization rates. Since acute respiratory infections are risk factors for Hib invasive disease, high rates of colonization by Hib are worrisome. In 1998, the vaccine against Hib had not yet been incorporated into the pediatric vaccination calendar in Brazil. The rates of Hib carriers were similar to those found in preschool children living in developing countries such as the Dominican Republic (7.7%) 22 and Turkey (9.0%) 6 as well as Alaska (5.0% to 7.0%), 24 and they were much higher than in children living in industrialized nations in the pre-vaccine era. 1 In populations vaccinated against Hib, the prevalence of airway carriers has significantly decreased 19, 23, [28] [29] [30] [31] [32] ; however, the use of conjugated vaccines protects only partially against the carrier status and does not completely eliminate the risk of infection by this microorganism. 1, 24, 31, 32 In Brazil, vaccination against Hib was introduced into the routine pediatric vaccination calendar by the end of 1999. In Curitiba (PR), vaccination was introduced in 1996, and the following year the prevalence of Hib colonization in 657 vaccinated children was 1.2%, lower than that found in 643 nonvaccinated children (4.8%) living in Porto Alegre (RS). 23 In the present study, we did not find significant differences in Hib colonization rates in vaccinated and nonvaccinated children; it is worthwhile to mention that few children had been vaccinated against Hib and that the vaccine is effective in preventing colonization in the community only when the vaccine coverage is high. 1 In Alaska, after the introduction of conjugated vaccines against Hib, invasive disease caused by this microorganism has drastically decreased; however, a significant increase in cases of invasive disease caused by Hib has been recently detected. 24, 32 It is believed that high rates of colonization by Hib in the Alaska population played an important role in the re-emergence of Hib invasive disease. 24, 31, 32 In different regions in Alaska, the rates of Hib carriers were variable. In Barrow, 4.4% of the children were colonized by Hib, with higher prevalence between 6 and 7 years of age (7.8%), dropping to 0.0% in adolescents between 14 and 16 years of age. In Delta YK, they found a 6.6% rate of carriers among 365 children under the age of 4, this rate being much greater than that found in 383 children less than 4 years of age living in Anchorage (1.0%). The persistence of a great number of children who were carriers of Hib in some communities in Alaska after the introduction of conjugated vaccine against Hib suggests that children of school age (who have not been vaccinated) may constitute an important reservoir of Hib. It seems that the elevated rate of carriers among nonvaccinated children was responsible, at least in part, to the re-emergence of invasive disease in Alaska. 24, 31 These are very troubling data because in Taubaté the rates of colonization by Hib in children under 6 were as high as those found in Alaska in the prevaccine era. Unfortunately, we did not evaluate the prevalence of carriers among children older than 6 years in this city.
Preschool and school children colonized by Hib constitute the main reservoir of this microorganism, and the colonization may persist for prolonged periods of time-1 or more years. Since the status of Hib carrier, in general, does not produce an increase in the titres of protecting antibodies against Hib, children carrying this microorganism may develop invasive disease caused by this agent. 1, 19, 24 The incubation period of invasive and noninvasive disease caused by Haemophilus influenzae is unknown; however, high rates of colonization of the respiratory airways are associated with a higher risk of disease that attacks mucous tissue as well as invasive disease. Without a doubt, vaccination against Hib is the most effective measure for reducing the impact of Hib invasive disease, although it does not play a significant role in reducing mucous tissue disease. 1, 30 After this study was completed, all children between 2 and 60 months of age who attended day-care centers in Taubaté were vaccinated against Hib.
CONCLUSION
The prevalence of strains of betalactamase-producing Haemophilus influenzae (5.5%) was low among children from Taubaté, indicating that ampicillin or amoxicillin can be used as the antibiotic of choice to treat otitis and sinusitis presumably caused by this microorganism.
The prevalence of Hib carriers was high (7.3%) in this study. Since the human being is the only reservoir of Hib and colonization has a relevant role in the transmission cycle of invasive disease caused by this microorganism, it is essential to vaccinate children under 5 years of age against Hib and to monitor the impact of such a measure. Haemophilus influenzae é um dos mais importantes agentes bacterianos de otites e sinusites. Em crianças menores de seis anos de idade não vacinadas contra o H. influenzae do tipo b (Hib), essa bactéria é uma das principais causadoras de meningite, pneumonia e sepse.
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